fixation, a direct carbon flow from 3-phosphoglycerate to isoprenoids via acetyl-C oA by a lowcapacity pathway, which shows high affinities for the substrates, is suggested.
Introduction
Goodwin [1] published evidence that a complete pathway from photosynthetic C 0 2-fixation to the synthesis of acetyl-CoA and IPP exists in chloro plasts. Com paring the incorporation of 1 4 C 0 2 and [2-14C]m evalonate into isoprenoids of maize seed lings, barley, oats, lettuce and peas, indicated a plas tidic and independently an extraplastidic IPP-synthesis via mevalonate. Recently, plastidic and ER- cytosolic isoenzymes of H M G-CoA -reductase and mevalonate kinase were identified in Nepeta and spinach [2] and of H M G-CoA -reductase in Pisum [3] . The hypothesis for a complete C 0 2 -> acetylCoA substrate flow was supported by results of ap plying [1-and 2-14C] glycine and [U-14C]serine, both are well known as interm ediates in photorespiratory carbon pathway, which were incorporated into plas tidic isoprenoids [4, 5] . Only ß-carotene and the phythyl moiety of chlorophyll were labeled, while the sterols were scarcely labeled. It was concluded that acetyl-CoA could be formed from 3-PGA of the Calvin-cycle but could also be derived from D-glycerate of the photorespiratory carbon pathway. D-Glycerate is transported by the D-glycerate/glycolate carrier [6 -8 ] from peroxisomes into chloroplasts and re turned to the PGA-metabolism by the exclusively plastidic enzyme, glycerate kinase [9] , forming only 3-PGA from glycerate [10] and never 2-PGA as com pared to the liver enzyme [11] . Incorporation of ture cited herein) and aromatic amino acids via plastidic shikimate pathway [14] [15] [16] [17] [18] [19] as well as incorpora tion of phosphoenolpyruvate into aromatic amino acids [2 0 , 2 1 ] offer further evidence for a complete pathway from the Calvin cycle to acetyl-CoA in spinach chloroplasts.
N um erous argum ents were raised against a plastidic path from 3-PG A to acetyl-CoA for which we have our counter-argum ents:
Only low rates of about 0.1 to 1 |imol/mg chlorophyll x h, that is 1 0 -3 to 1 0 -2 of the photo synthetic C 0 2-fixation were measured, however, we found that this is fully sufficient for the synthesis of coenzymes etc. in the cell.
Some enzymes are apparently lacking or have been found to be only transient or restricted to dis tinct developing stages. Indeed, this is a critical point because a co-pathway exists in the cytosol. One should be aware that D H A P and also 3-PGA as primary products of photosynthetic C 0 2-fixation are effectively shuttled out by the phosphate-translocator against P; im port [22, 23] . Products of glycolysis are form ed in the cytosol from exported D H A P and 3-PG A at high rates and serve as sub strates for plastidic reactions. For instance, PEP formed in the cytosol is transported back [24] by the phosphate translocator [25, 26] . Pyruvate is imported into the chloroplast at considerable rates at least in Pisum [27] and acetate in spinach [28] .
In contrast to oilseed plastids of Ricinus communis [29] and plastids of cauliflower (Brassica oleracea) buds [30, 31] , only poor indications were obtained for phosphoglycerate mutase in chloroplasts. W here as in Pisum this enzyme is absent or indefinitely low in activity [32], in spinach there are some indications for its presence [33] . All other glycolytic enzymes, though at restricted activities, were found in chloro plasts. Those were plastidic isoenzyme of 2-phosphoglycerate hydrolyase, pyruvate kinase [32] and PD C [34, 35] in Pisum; the latter also in spinach [36] . Further unequivocal evidence for a plastidic PDC was presented by studies on the regulation of the pyruvate m etabolism in spinach [37, 38] . U nder dis tinct in vitro conditions, the synthesis of branched chain amino acids, alanine, and fatty acids can com pete for pyruvate as substrate in isolated intact chloroplasts.
A cetate is im ported much more effectively, espe cially into spinach chloroplasts, than pyruvate [39] . Acetyl-CoA is form ed at high rates at the expense of A TP and CoA by the chloroplast acetyl-CoA syn thetase [40] . Doubtlessly, most of the acetate metabolized in the chloroplast originates from the extraplastidic site [41] . Acetyl-CoA formed by the mitochondrial PDC [42, 43] is cloven by the mitochondrial acetyl-CoA-hydrolase [44, 45] to form acetate which can be transported into the chloroplast for plastidic reactions. In addition acylcarnitine has been detected in plant systems [46, 47] , however, it is not proven that it has a similar function as the acyltransfer system in animal cells. This paper presents evidence for a chloroplast pathway by which 3-PGA is directly converted to isoprenoids via 2-PGA, PEP, pyruvate and acetylCoA. This pathway represents a low-capacity system for the production of acetyl-CoA at rates which are sufficient for supplying isoprenoid synthesis with substrates and apparently is adapted to this synthe sis. However, it does not fulfill the dem and for sub strate supply in fatty acid synthesis, which needs strong support by acetate im port from outside the chloroplast.
Experimental
Materials [2-14C] (2. 19 GBq/mmol) was from C EA , Gif-sur-Yvette, France.
The substrates and enzymes for the assay of phos phoglycerate m utase were from Boehringer, M ann heim, FRG.
The TLC plates precoated with silicagel G 1500, LS 254 or with cellulose G 1440, LS 254 were pur chased from Schleicher & Schüll, Einbeck, FRG.
Cellulase TC and pectinase Roham ent P5 were from Serva, Heidelberg, FR G , all other biochemi cals and solvents were of highest analytical grade and were obtained from Sigma, St. Louis, M O, USA, and E. M erck, D arm stadt, FRG .
Plant varieties used
Freshly picked, field-grown spinach (Spinacia oleracea) var. "Butterfly" or greenhouse grown bar ley (H ordeum vulgare) var. "A ram ir" were used for all experiments. The caryopses (grains) of barley were germ inated on filter paper in the light (daylight or Philips M RL 160, 430 W /m3, distance 0.3 m).
Isolation o f spinach chloroplasts
Intact chloroplasts were isolated either according to the m ethod of Nakatani and Barber [48] (M ethod A) or of Jensen and Bassham [49] (M ethod B) . Chloroplasts isolated by the form er procedure were purified by centrifugation through a linear Percoll (Pharmacia, U ppsala, Sweden) gradient as described previously [21] . Chloroplasts resuspended in isotonic Hepes-Tris medium, pH 7.6, (330 mM sorbitol, 50 mM H epes, adjusted with Tris to pH 7.6; 0.4 mM MgCl2) were of 80 to 90% intactness in the ferricyanide test. They were virtually free of contam ina tions from the cytosol (no activities of the nonreversible N A D P-G A P D H and the NADP-isocitrate dehydrogenase as m arker enzymes of the cytosol were detected) and were only slightly contam inated by peroxisomes (the activity of hydroxypyruvate reductase as m arker enzyme of peroxisomes was about 3% related to chlorophyll contents of the total leaf extract). The media were modified in M ethod B: for homogenisation of leaves the isotonic M es-KOH medium, pH 6.5, was used (50 mM Mes, adjusted with K O H to pH 6.5; 330 mM sorbitol; 2 mM MgCl2; 1 m M MnCl2; 20 m M NaCl; 0.5 m M KH 2 P 0 4; 4 m M ascorbate; 4 mM cysteine; 2 mM ED T A ) and for resuspending the chloroplast sediment the isotonic Hepes-K O H medium, pH 7.6, was applied (50 mM H epes, adjusted with K OH to pH 7.6; 330 m M sor bitol; 2 mM MgCl2; 1 mM M nCl2; 4 mM ascorbate; 2 m M N a N 0 3; 0.5 m M K H 2 P 0 4; 2 m M E D T A ). The last step was repeated twice for purification.
Isolation o f spinach and barley protoplasts
Protoplasts were prepared as described in [50] . Protoplasts were purified on a discontinuous gra dient and were subsequently used for incubation.
Preparation o f chloroplast strom a and cytosol fra c tion from spinach
The purified intact spinach protoplasts (controlled microscopically) were mechanically ruptured by passing through a 17 nm nylon gauze. Intact chloro plasts were separated from this suspension by cen trifugation (threefold for 2 min at 1000 x g ). The supernatant was used as cytosol fraction. The chloro plast stroma fraction was obtained by osmotic shock of the chloroplasts in a hypotonic buffer ( 1 0 mM Tricine, pH 8 ; 5 mM MgCl2; 2 mM D TT). Plastidic membranes were sedimented (175000xg, 30 min) and discarded.
Reaction mixtures
If not otherwise specified intact chloroplasts using M ethod A were resuspended in an isotonic HepesTris medium pH 7.6. Chloroplasts according to M ethod B and enriched fractions of m itochondria and peroxisomes were resuspended in isotonic Hepes-KO H medium pH 7.6. W hen protoplasts were used, the reaction mixture contained in a final volume of 0.6 ml; 500 mM sorbitol; 5 mM Mes ad justed with KOH to pH 5.5 (in experiments at pH 5.5) or Hepes-Tris pH 7.6 (in experiments at pH 7.6); 1 m M CaCl2; 0.05% bovine serum albumine; 0.05% polyvinylpyrrolidone; and protoplasts equiva lent to 50-100 ng of chlorophyll/ml. The reactions were started by adding the radioactive substrates. The mixtures were kept at 20 ± 2 °C in a w ater bath in the light (103 W/m2, Osram "A rgaphot"). Aliquots of 0 . 2 ml were taken at different times.
A ssay o f isoprenoids and fatty acids
Barley seedlings were analyzed according to the method described in [51] . If organelle preparations were used, aliquots of 0 . 2 ml were transferred into 0.75 ml chloroform/methanol (1:2, v/v) and then 0.25 ml chloroform and 0.5 ml water, 100 ng each of ß-carotene, PQ, squalene, and 300 ng each of sterols and fatty acids were added as carriers.
The chloroform phase was transferred on silicagel thinlayers for separation of lipids and developed with light petroleum (b.p. 40-60 °C)/diethylether (20:1, v/v) (system I). A fter developing the chrom atogram the zones containing PQ (/?f = 0.43), squalene (R { = 0.97) and other non cyclic tri-and tetraterpenes like phytoene (detected by quenching under UV) and carotenes (ftf = 0.78; visible; in spinach about 90 to 95% ß-carotene) were scraped out instantly while still wet to avoid oxidation and eluted three times with 1 ml acetone/methanol (1:1, v/v) . The eluates were concentrated under nitrogen in a rotary evaporator to a volume of 0.2 ml. The re-chrom atography of PQ (R f 0.31) was carried out by TLC on cellulose (impregnated with 7% paraffine oil in light petroleum (b.p. 100-140 °C)) with acetone/ m ethanol (6:1, v/v) (system II) as solvent. The sep aration of carotene (R{ 0.26) and squalene (R f 0.59) was achieved on silicagel with «-hexane (system III) as solvent. For determination of radioactivity, the zones were scraped out and counted in 1 ml m ethanol plus 4 ml Hydrolum a (Baker Chemicals, D eventer, The Netherlands) in a scintillation counter (Packard Tricarb 3255).
For detection of sterols and fatty acids, the chrom atogram was scanned by a radio scanner (B erthold, W ildbad, FRG ) after TLC in system I. The zones in the area of /?f = 0.0-0.3 were scraped out and eluted as described above. A fter evaporation under nitrogen to dryness, the sterols and fatty acids were refluxed in 5 ml methanol/water ( 
S e p a r a tio n o f 3 -D -p h o sp h o g ly c e ra te a n d 2 -D -p h o sp h og ly c e r a te
200 ^g each of 3-PGA and 2-PGA were added as carrier into the organelle reaction mixture term i nated as described in [52] . TLC of products was perform ed on cellulose with m ethanol/NH 3/water (6 :1 :3 , v/v/v) (system VI). The R { values were as follows: glycerate 0.81; 3-PGA 0.56; 2-PGA 0.47. For detection, the references and samples were treat ed with 0.15% (w/v) FeCl3 x 6 H 20 in acetone/0. 3 M HC1 (97:3, v/v) and after heating to 120 °C the prod ucts were visualized by spraying with 1 .2 % (w/v) sulphosalicylic acid in acetone. In additional experi m ents, the isolated 3-PGA was transformed to 2-PG A by adding phosphoglycerate mutase from rab bit muscle and re-analyzed by TLC. The detected zones were scraped out for determ ination of radio activity. for (i) 13.7 u L-lactate dehydrogenase; for (ii) like (i) but additionally 8 u pyruvate kinase; for (iii) like (ii) but additionally 1.5 u phosphoglycerate hydrolyase; for (iv) like (iii) but additionally 5 u phosphoglyc erate mutase + 0.2 mM 2.3 bisphospho-D-glycerate; (v) was without addition. The reaction was term i nated by adding 300 ^1 chloroform/methanol (1:2, v/v; + 100 [Ag L-lactate as carrier). Following cen trifugation for 5 min at 1 5 0 0 0 x g (Eppendorf 3200) the upper phase was applied to TLC on silicagel/ghur and 1 m ammonium acetate pH 5.0/96% ethanol (1:7) as solvent. Lactate (Rf 0.73) was exactly sepa rated from glycerate (R f 0.3) and pyruvate (Rf 0.87) and determ ined by scintillation counting.
Measurement o f enzym e activities
The enzyme activities were assayed as described in the following references: Hydroxypyruvate reduc tase (EC 1.1.1.81) [53] ; N A D P-isocitrate dehydro genase (EC 1.1.1.42) [54] ; nonreversible NADP-G A P DH (EC 1.2.1.9) [55] ; reversible N A D P-G A P D H (EC 1.2.1.13) [56] ; glycerate kinase (EC 2.7.1.31) [52] , Phosphoglycerate mutase (EC 2.7.5.3) [57] was determ ined (a) in the forward reaction as follows: for measuring the blank value (caused by interfering reaction of adenylate kinase which generates ATP from A D P and allows 3-PGA oxidation by N A D H dependent reaction of endogenous G A P D H ) the decrease in absorbance at 340 nm was followed for 5 -10 min in a final volume of 3 ml containing 83 mM triethanolam inehydrochloride-N aO H buffer, pH 7.6; 1. In both tests the unspecific oxidation of N A D H by chloroplast stroma and the reactions of 3-PG A con taminating 2-PGA (and vice versa) were regarded in the evaluation. The corrected forward reaction was determ ined to 1 . 1 1 nkat/mg chlorophyll (uncorrected 1.30) and the backward reaction was 1.06 nkat/mg chlorophyll. Thus for calculation in Fig. 3 the mean values of both reactions were used.
Measurements o f latency o f enzym es
Latency experiments were carried out as described in [32] . For definition of latency values in % see [31] .
Other methods C 0 2 fixation rate, chlorophyll as well as protein contents were determ ined as described in [58] .
Results and Discussion
Efficiency o f various carbon sources in isoprenoid and fatty acid synthesis o f spinach and barley p r o to plasts and barley seedlings in the light Various interm ediates of the isoprenoid and fatty acid synthesis were applied to spinach and barley protoplasts and barley seedlings as shown in Table I . A characteristic feature in protoplast studies using N aH 1 4 C 0 3 ( Table I , Fig. 1 and 2 ) was that ß-carotene and PQ were the only compounds of acetylCoA metabolism which were preferentially synthe sized from primary products of photosynthesis. Especially at low C 0 2-supply isoprenoid synthesis was much higher than fatty acid synthesis (Fig. 1) . A bout 0.25 nmol ß-carotene and 0.1 nmol PQ per mg chlorophyll x h were formed from N aH 1 4 C 0 3 ( Fig. 1) . A similar incorporation pattern but with lower levels were obtained from [2-14C] glycine and [3-14C] serine indicating a channeling via glycerate (Table I ). The poor incorporation of these amino m M HC03- acids in protoplasts may be caused by low rates of transport through the plasmalemna membrane [59, 60] . It is notew orthy that the synthesis of sterols in the cytosol is more or less discriminated against the ones of ß-carotene and PQ in chloroplasts [1] (aver age ratio of ß-carotene + PQ / sterols in Table I was 2.4). M oreover in agreement to [28, 39] fatty acids were form ed only at low rates under these conditions (average ratio of ß-carotene + PQ / fatty acids in Table I was 1.1). The rates of synthesis of ß-carotene from N aH 1 4 C 0 3 in protoplasts may reflect the situa tion under steady state conditions of differentiated cells. The rates of seedlings were not higher (Table I) .
In contrast to the experiments employing N aH 1 4 CQ 3, high am ounts of fatty acids and sterols were formed when [2-14C] acetate were added. The amounts of ß-carotene and PQ were almost equal to that in experiments with N aH 1 4 C 0 3. W hen [2-14C]-pyruvate was provided as a carbon source only low amounts but the same incorporation pattern as with acetate was observed. A slow non-enzymatic conver sion of pyruvate to acetate during incubation is possi ble so that incorporation from [2-14C] pyruvate may be attributable to acetate formed. The low average ratio of ß-carotene -I-PQ / fatty acids in Table I of 0.03 may be explained by saturation of plastidic iso prenoid synthesis under these conditions since the absolute values resembled the maximal values ob tained by applying N aH 1 4 C 0 3. Lowering the pH from 7.6 to 5.5 in the suspension medium to increase the portion of undissociated acid only increased the incorporation rates of acetate only into fatty acids by a factor 5.
In protoplasts and in seedlings [1] [2-14C]mevalonate was only incorporated into sterols formed out side the chloroplast. In barley after 3 h incubation, predominantly 4-dimethylsterols (about 75% ) and also 4-methylsterols (15%) were formed but only some sterols (about 5% ). The sterol groups were routinely analyzed together and named as sterols in Table I and in Fig. 1 and 3 . The fractions of ß-carotene and PQ depicted in Table I and Fig. 2 were virtually free of radioactivity.
In the time course in Fig. 1 it is shown that spinach protoplasts formed isoprenoids and fatty acids from all the added intermediates of the photosynthetic carbon metabolism at largely constant rates over a period of 60 min in the light. Even if N aH 1 4 C 0 3 was supplied, a constant rate was obtained even though CO? was consumed within 4 min. As results in Fig. 1 indicate, the pool of primary products of photosyn thesis formed may suffice for the synthesis of iso prenoids and amino acids in chloroplasts over a pro longed period. Only 0.01% of the primary products were consumed in these syntheses.
The results in Table I convincingly shows that the largest portion of the acetyl-CoA derived com pounds, known to be formed in chloroplasts under conditions of photosynthetic C 0 2 fixation, was ß-carotene plus PQ but not fatty acids. The high rates of fatty acid synthesis observed elsewhere were only obtained when acetate was used as substrate. A ce tate also strongly enhanced sterol synthesis in the cytosol. This finding together with the fact (Table I , see also [1, 4] ) that mevalonate only favours sterol synthesis in the cytosol and ER but not of plastidic isoprenoids indicates that the plastidic isoprenoid synthesis is directly supplied by the photosynthetic carbon metabolism. To obtain evidence for such a pathway, it was necessary to re-examine w hether a phosphoglycerate mutase is indeed present in spinach chloroplasts. This was undertaken in the following two ways.
Identification o f phosphoglycerate mutase in spinach chloroplasts
To prove the existence of plastidic phosphoglycer ate m utase, highly purified spinach chloroplasts were used (see Experim ental). From these the enzymes of chloroplast stroma were set free according to the m ethod of successive osmotic lysis as described in [32] , chloroplasts were centrifuged and the super natant was assayed for enzyme activity. Reversible N A D P-G A PD H and shikimate oxidoreductase [14] were used as m arker enzymes for chloroplast stroma in spinach. As shown in Fig. 3 , identical behaviour during lysis can be shown by comparing activities of the phosphoglycerate mutase studied and the two m arker enzymes. The activity of the mutase in the supernatant reached values of maximally 8 but on the average 1 nkat/mg chlorophyll and resembled other enzymes of anabolic pathways in chloroplasts. Com pared to the total activity in the cell hom ogenate of the m utase of 590 nkat/mg chlorophyll the plastidic activity was 1.4%.
To evaluate a possible loose absorption of cy tosolic activities at the outer chloroplast envelope m em brane, the phosphoglycerate mutase activity in the supernatant of fully intact chloroplasts was deter mined for phosphoglycerate mutase activity after washing with and without 100 m M KC1 in isotonic Hepes-Tris medium, pH 7.6. The value after washing with KC1 was 0.126; after washing without KC1 0.133 nkat/mg chlorophyll. The sorbitol concentra tion of the osmoticum did not significantly influence the activity of the mutase; the activity at 1 0 mM sor bitol was 1.60 and after adjustment to 330 mM it was 1.67 nkat/mg chlorophyll. The plastidic enzyme has a pH optimum between 8.2 and 8 . 6 in triethanolamine buffer differing from the enzyme from rabbit muscle which has a pH optimum of 5.9 [61] .
Formation o f 3-and 2-phosphoglycerate, phosphoenolpyruvate and pyruvate in chloroplasts from added [ 1 -14C ] 
d , l -gly cerate
Glycerate kinase forms PGA from D-glycerate which arises from photorespiratory carbon pathway in leaf peroxisomes and mitochondria. By determ in ing glycerate kinase activities in chloroplasts and the extraplastic space ("cytosol") the findings of Schmitt and Edwards [9] were confirmed that the kinase solely occurs in the chloroplast stroma. Reversible N A D P-G A PD H and shikimate oxidoreductase were used as m arker enzymes for the chloroplast stroma and non-reversible N A D P-G A PD H and NADPisocitrate dehydrogenase for the cytosol (data not shown). It could be shown by chromatographic analysis of the products formed that the chloroplast enzyme solely formed 3-PGA; this agrees with re sults in ref. [10] . The chromatographic analysis was verified by transforming the isolated 3-PGA to 2-PG A by addition of rabbit phosphoglycerate mutase.
Since it is established that glycerate kinase is localized in chloroplasts it was used as a tool to iden tify phosphoglycerate mutase in this organelle. Since the mutase was suggested to participate in the reac tion sequence in chloroplasts: Glycerate -> 3-PGA -> 2-PGA -> PEP -> Pyruvate, [l-1 4 C]D,L-glycerate was added to study this reaction sequence. Following addition of labeled substrate and illumination for 60 min, chloroplasts were sedimented by centrifuga tion at 1,500 x g for 1 min, the chloroplast pellet and the supernatant medium were then checked for the labeled intermediates. Because of the low concentra tion of the labeled intermediates formed, the enzyme tests for converting all interm ediates into lactate were combined with radiochrom atography (see E x perim ental).
To calculate the concentration of interm ediates within the chloroplast, that is the sorbitol-impermeable H 20 space of chloroplasts [23] confined by the inner envelope m em brane in which the considered reactions occur, the following assumptions were m ade. The chloroplast pellet consists of the sorbitolimperm eable H 20 space of chloroplasts and the ex ternal space, that is the interorganelle space and the perm eable interm em branous space between inner and outer envelope membranes. The sorbitolimperm eable space had a volume of 38 i^il/mg chlorophyll at a sorbitol concentration of 330 mM as osmoticum as determ ined by H eber and Heldt [23] . The values for external space after centrifugation at 1,500 x g for 5 min, ascertained by these means, was 40 [xl chlorophyll. If it is assumed that the external space has the same concentration as the supernatant medium, the chloroplast values for PEP and 2-PG A but also for pyruvate were much too high and seemed to be implausible because the equilibrium constant for the phosphoglycerate mutase reaction K3 .pGA/2 PGA is about 5 [61] . To obtain more correct values for chloroplast impermeable space from the analytical data of the chloroplast pellet, we devel oped a conclusive working hypothesis [2 1 ] which was applied here as well (Fig. 4) . It was assumed that the above interm ediates were more or less equally distri buted within the chloroplast pellet during centrifuga tion procedure of the long time light treated chloro plasts, which had became fragile and loose inter mediates.
Though the test system was of restricted accuracy rem arkable differences were obtained between the concentration in chloroplasts and in supernatant medium (Fig. 4) . Only chloroplasts contained the interm ediates of interest, 3-and 2-PGA, PEP and pyruvate, at higher concentrations so that it can be claimed that phosphoglycerate mutase reaction occurs in the chloroplast as well. The supernatant medium contained only 3-PGA at higher concentra tions attributable to exchange by the phosphate translocator. The low concentration of 2-PGA, PEP and pyruvate found in the supernatant medium indi cated a negligible contamination by cytosolic phos- phoglycerate m utase, a low transfer rate of these interm ediates particularly 2-PGA across the chloro plast envelope mem branes and a high intactness of chloroplasts.
Concluding Rem arks
The last link between 3-PGA and acetyl-CoA, phosphoglycerate m utase, was identified to be in the strom a of spinach chloroplasts. This means that all enzymes, 2 -phosphoglycerate hydrolyase, pyruvate kinase [32, 33] as well as PDC [34] [35] [36] , are present in the chloroplast enabling a purely plastidic flow from 3-PGA to acetyl-CoA. This flow, at least in spinach, may be understood as a low capacity but highly effective flow for supplying essential pathways such as the plastidic isoprenoid synthesis. This is confirmed in another study as well ( [62, 63] and D. Schulze-Siebert and G. Schultz, in preparation) . The glycolytic metabolism active in the cytosol is linked to the chloroplast photosynthetic carbon fixation by the phosphate translocator shuttle which exchanges D H A P but also 3-PGA and less amounts of PEP between the two com partments [24] . There are good reasons that both pathways may mutually compete under certain conditions. Furtherm ore, acetate in spinach, but pyruvate in Pisum [27] is transferred by mediated diffusion across the envelope m em branes into chloroplasts. Based on the results from isolated enzymes it was concluded [36] that in chloroplasts the form ation of acetyl-CoA from pyruvate by the plastidic PDC com petes with that from acetate by the plastidic acetylCoA synthetase. However, from present results it can be inferred that under photosynthetic conditions acetyl-CoA synthesis by plastidic PDC favours the formation of plastidic isoprenoids, ß-carotene and PQ, whereas acetyl-CoA form ed from im ported ace tate only dramatically enhances the fatty acid synthe sis. Formation of ß-carotene and PQ favoured under photosynthetic conditions (Table I, Fig. 1 and 2 ) indicate a metabolic channeling of the PDC and IPP synthesizing system which exists apart from the plastidic fatty acid synthetase. Nevertheless, the metabolic channeling of the PDC-IPP synthesizing system is only a relative one. The plastidic PDC is not only involved in the isoprenoid synthesis but is additionally engaged in the synthesis of branched chain amino acids [21, 37, 38] . U nder certain condi tions, probably artifical ones, the plastidic IPP syn thesizing system [64] can also be supported from extraplastidic acetate. The flow diagram in Fig. 5 illustrates the situation in chloroplasts as based on the results for spinach.
